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FOREWORD

The annual cost of health care and biomedical research in
the United States has exceeded 10 percent of the gross national
product since 1981 and has risen by more than 1lC-percent in
each of the past five years. These increases in the cost of
health care are attributable to increased utilization of such
care in general, more frequent application of expensive
technology, and increased employment of prolonged
personnel-intensive treatment of critically ill and severely
injured patients. The increases in the cost of biomedical
research are attributable to the necessary involvement of
multidisciplinary investigators and to increased equipment
acquisition and replacement <costs necessitated by rapid
technological developments.

This Institute, in which both patient care and research
activities are focused on the severely injured soldier, is
particularly susceptible to such increases in costs and
personnel requirements. The nadir of annual admissions
nccasioned by the modernization of the Institute's clinical
facilities has been superseded by an increase in admissions
during the current fiscal year, among which both the number and
duration of care of critically ill patients has increased.
Similarly, the hemodynamic, pulmonary, and immunologic studies
reported in this volume have involved mulitidisciplinary
research teams, the use of newly developed equipment, and
extensive computer support. These increased professional
requirements have produced discordances between supply and
demand since the Institute's most recent manpower survey and
transfers of positions to administrative units have resulted in
a decrease in authorized positions, and the Institute's budget
increases of less than nine percent in fiscal year 1985 and
less than four percent in the current fiscal year have failed
to maintain constant dollar support.

The effects of this erosion of available resources have
been exaggerated by an increased number of aeromedical
transfexrs of seriously burned patients that have consumed in
excess of 5,000 manhours during the past two vyears and
increased readiness-related training activities, i.e., in-house
training of interns, residents, and vreserve physicians,
organization and presentation of Army short courses,
participation in the C4 and C4-A Courses, presentation of
symposia to reserve organizations, and participation in NATO
workshops and Air Force Red Flag exercises. Clinical and
research productivity, efficiency, and flexibility have been
further compromised by «critical space limitations and
deterioration of laboratory facilities of World War II vintage.

"
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The clinical and research accomplishments reported in this
volume attest to the industry and professionalism by which the
Institute staff have overcome the workload demand-resource
supply discrepancy to advance our understanding of the
pathophysiologic effects of injury in general and to improve
the management and increase the survival of burn patients in
particular. The professional output of this Institute directly

. benefits the injured soldier, provides discrete support for
redress of the imbalance bhetwen the military relevance of
combat casualty care and resource allocation, and fully
justifies the planned construction of new clinical and

laboratory facilities.
/{égéxﬂufyéjzjzfgiédé:'(

BASIL A. PRUITT, JR., M
Colonel, MC
Commander and Director

The opinions or assertions contained herein are the private
views of the author and are not to be construed as official or
as reflecting the views of the Department of the Army of the
Department of Defense.

Council of Teaching Hospitals Report, Volume 16, Number 6,
August 1982, p 5.

Culliton BJ: Congress passes general NIH budget. Scienge
222:483-484, 1983.
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One hundred ninety-seven patients were admitted to this
Institute during calendar year 1985. Principal activities
included care of severely burned patients, research to irprove
survival and function of such patients, and education and
training of health care professionals and paraprofessionals.
The areas of research included an analysis of the adaptation of
renal function following burn injury, a review of inhalation
injury, a study to evaluate the effectiveness and safety of
Artificial Skin in the tr atment of third Qﬁgree flame or sgcald
injuries, a comparative study of E-2Z Derm and Biobrane , an
ongoing study of five-percent aqueous mafenide acetate soaks
for the topical treatment of burn wounds following grafting,
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studies of neuroendocrine abnormalities in burn injuries,
assessment of thyroid hormone kinetics in thermally injured
patients, a multicent%{ open study of the efficacy, safety, and
tolerance of PRIMAXIN in the parenteral therapy of infections
caused by pathogenic bacteria, determination of the
pharmacokinetics of amikacin in burned patients, evaluations of
Ig6 and T, therapy in burn patients, evaluation of means to
reduce bldéod 1l1loss during tangential excision, studies of
metabolism and nutritional effects of burn injury in soldiers,
and a project to characterize certain biochemical indicators of
infection in the thermally injured.

AEROMEDICAL TRANSFER
BIOLOGIC DRESSINGS
EXCISION

IMMUNOMODULATION
INHALATION INJURY
METABOLISM

NEUROENDOCRINE ABNORMALITIES
NUTRITIOH

PRIMAXIN

RENAL FONCTION
RESUSCITATION

SYNTHETIC SKIN SUBSTITUTES
THERMAL INJURY

TOPICAL THERAPY

VASOACTIVE HORMONES
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CLINICAL OPERATION
CENTER FOR TREATMENT OF BURNED SOLDIERS

INTRODUCTION

During calendar year 1985, 197 patients were admitted to
this Institute and there were 197 patient dispositions.
Statistical data are based on the 197 patient dispositions
during calendar year 1985. There were 166 males and 31 females
with an average age of 30.7, ranging from six months %to 90
years of age. Forty patients were less than 16 years old and
40 patients (20.3 percent) were more than 45 years old. The
average total body surface area burn of the entire population
was 29 percent of the total body surface area with 1%.1 percent
the average extent of full-thickness injury. The average
hospital stay of all patients, excluding convalescent leave for
active duty military patients, was 42.6 days. One hundred and
forty-six patients (74.1 percent) were admitted within 48 hours
of injury.

During calendar year 1985, 700 operative procedures were
performed on 128 patients, an average of 5.5 operative
procedures per patient. Three hundred and eighty anesthetics
were given to 128 patients for an average of 2.9 anesthetics
per patient. One hundred and seventeen patients received a
total of 833,335 milliliters of blood for an average of 7,122.5
milliliters of blood per patient.

ADMISSIONS DATA

The Clinical Division of this Institute admitted 197
scldiers and other authorized patients with thermal, chemical,
or electrical injury during calendar year 1985. Aeromedical
teameg from the Institute conducted 86 missions within the
Continental United States to transfer 98 of the 197 patients
(49.7 percent) admitted., Twenty-two missions were carried out
by rotary wing aircraft (25.6 percent) and 64 by fixed=-wing
aircraft (74.4 percent). One hundred twenty-three of the 197
patients (62.4 percent) were admitted within 24 hours of injury
and 146 (74.1 percent) were admitted within 48 hours of injury.
One hundred fifty-nine patients were male and 38 were female.

DISPOSITIONS DATA

The following statistics are based on 197 patient
dispositions during calendar year 1985. The ages of these 197
patients ranged from six months to 90 years with an average age
of 30.7 vyears. Burn sizes averaged 29 percent of the total
body surface area with an average full=-thickness component of
15.1 percent. Forty patients were in the pediatric age group
(age 15 and under) with an average age of 3.8 years and an

5
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Lo average burn size of 15.6 percent of the total body surface
' area. The average hospital stay of all dispositions was 43.4
N days when convalescent leave was included in the calculation
. and 42,6 days when convalescent leave was excluded. There were

elght patients with high wvoltage elec¢trical injury and four
, patients with chemical injury. The sources of admission are
identified in Table 1 and the causes of burn injury are
. detailed in Table 2.

Five patients required hemodialysis for acute renal
failure. Acute myocardial infarctions were seen in four
patients and acute pulmonary emboli in four patients.

- Inhalation injury was identified in 76 patients (38.6 percent
] of admissions). Ninety~seven patients (49.2 percent) had some
associated injury (includes 76 patients with inhalation injury) :
which included fractures or dislocations in 12 patients and ]
lacerations in nine patients.

Morbidity and Mortality. Forty-two of the 197 dispositions -!J
(21.3 percent) died during calendar year 1985. Autopsies were :
performed in 26 (61.9 percent) of these hospital deaths. The
average burn size of patients who died was 37.6 percent and the
full-thickness average was 37.6 percent. Age ranged from 11l
months to 90 years of age. Twenty-six of these patients (61.9
percent) had inhalation injury as a primary or contributing i
. cause of death. Three patients died with acute myocardial :
infarctions, one with acute phenol intoxication, and one with
staphylococcal scalded skin syndrome. Four of the forty=-two
deaths (9.5 percent) occurred in pediatric patients. These
children had an average total body surface area burn of 39.7
percent. and an average full-thickness burn of 21.4 percent.
] The average age of children who died was 18.25 months (11
. through 23 months). One child had an autopsy.

'k

NITE A

Infection was once again the most common complication

following thermal injury with hacterial pneumonia occurring in

35 patients. The most common organisms isolated in patients

B with bacterial pneumonia were Staphyloccocus aureus in 24

' patients, Escherichia coli in eight patients, and Klebsiella

and Pseudomonas species in five patients ceach. However, only

six patients demonstrated bacterial septicemia and no patients

had bacterial invasion of the burn wound identified during this

calendar year. Two patients had clinical upper

. gastrointestinal hemorrhage and all responded to noninvasive
therapy.

..

Table 3 lists the effect of age and extent of injury on
survival and Table 4 lists mortality rates associated with
increments of ten percent of the total body surface area for .
the vyears 1979 through 1985. Table 5 summarizes the survival e
of patients with extensive burns from 1958 through 1985, Table
6 compares mortality before and after the use of topical

,, ,.'.,.,
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TABLE 1

SOURCES OF ADMISSION (1985)#

AREA A AD AF AFD N ND M MD VAB OTHER TOTAL
First Army 5 0 \ 2 0 2 2 0 0 \ 3
Third Army 1 0 1 0 2 0 { 1 5 10 21
Fifth Army 12 12 8 5 0 0 2 1 10 87 137
Sixth Army 9 0 0 0 0 0 3 0 0 2 14
Alaska 0 1 0 0 0 0 0 0 0 0 1
Germany 1 1 0 0 Q0 0 0 0 0 0 2
Greece 0 0 1 0 0 0 0 0 0 0 1
Hawaii 0 1 0 0 0 0 0 0 0 0 1
Honduras i O v ¢ ¢ ¢ 0 0 0 0 !
Italy 0 0 1 0 0 0 0 0 0 0 1
Japan 1 0 0 0 0 0 0 0 0 0 1
KRorea 1 2 0 0 0 0 0 0 0 0 k|
Mexico 0 0 1 0 0 0 0 0 0 0 1
TOTAL 3t 17 12 7 2 2 8 2 16 100 197

*A = Army, AF = Air Force, N = Navy, M = Marine Corps, D = Dependent,
VAB = Veterans Administration DBencficiary, and OTHER = Civilian
Emergency, US Public Health Service Beneficlary, and Bureau of
Employees Compensation Beneficliary

~J
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TABLE 5 E
SURVIVAL AND NONSURVIVAL BY YEAR FOR PATIENTS WITH EXTENSIVE BURNS -
(OVER 30 PERCENT OF TOTAL BODY SURFACE AREA) FROM 1962 TO 1985
SURVIVORS NONSURVIVORS . _
Number Average Percent Burn Nusber Average Percent Burn Sl
Year of Cases Total Third Degree of Cases Total Third Degree i
1985 48 43.6 2147 42 54.3 37.1
1984 43 46.4 24.8 32 59,5 38.7
1983 37 43.5 17.5 30 62.8 50.7 e
1982 53 43,7 24.8 © 54 53.9 38.3 -
1981 54 42,7 17.5 43 62.2 19.8 '
1980 62 42.7 15.1 66 64.3 41.8
1979 61 45.4 13.4 74 65.0 37.0 -
1978 67 45.7 14.8 ) 69 55.2 33.0 -
1977 66 42.2 14.4 70 56.9 29.0
1976 69 45.5 15.0 79 6442 31.1
1975 80 46.1 14.7 94 61.3 32.8
1974 55 43.9 12.2 97 60.8 35.9 -
1973 47 43.7 19.6 113 60.3 36.2
1972 62 42,0 17.2 103 56.7 35.9
1971 63 41.9 14.0 68 60.8 38.0 |
1970 92 39.4 10.7 70 51.9 32.6 -
1969 113 43.2 11.1 . 70 58.7 26,4
1968 143 44.2 126 38 54.6 26..6
1967 103 42.7 13.3 51 59.9 32.3
1966 68 41.5 14.9 59 59.9 31.3 3
1965 47 43.8 21.0 33 66.0 33.4 3
1964 40 41.8 14.8 37 65.0 42.4 F
1963 28 45.8 19.6 57 69.0 41,0 -
1962 18 42,7 21.4 54 59.1 46,2
_®
11 _(
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chemotherapy of the burn wound. Table 7 lists the causes of
death for calendar year 1985.

EDUCATIONAL ACTIVITIES

During calendar year 1985, the professional staff of the
Clinical Division continued to provide education to all
professional and paraprofessional groups, at the 1local,
national, and international levels. A total of 23 resident
physicians were attached for periods of one to three months,
including three each from Letterman Army Medical Center,
Wilford Hall Medical Center, and William Beaumont Hospital
(Royal Oak, Michigan), two each from Brooke Army Medical
Center, Fitzsimons Army Medical Center, Travis Air Force Base
Medical Center, and the Medical College of Wisconsin, and one
each from the Naval Aerospace Medical Institute, Wiiliam
Beaumont Army Medical Center, Kettering Medical Center (Dayton,
Ohio), Suburhan General Hospital (Norristown, Pennsylvania),
the University of Texas Health Science Center at San Antonio
(Texas), Spartansburg South Carolina Medical System. A total
of 12 med.cal students, -including four health profession
scholarship medical students, rotated, which included two
students from Loyola University in Chicago and one student each
from the University of Virginia, the University of Colorado,
Columbia University in New York City, Louisiana State
University, the University of Texas Health Science Center at
San Antonio (Texas), and the Southeast Osteopathic Medical
College in Miami. A total of 16 physicians visited from
foreign countries for periods ranging from one day to one year
which included four from the Dominican Republic, three from
Germany, two from Japan, and one each from China, Pakistan,
Norway, Jordan, Great Britain, Canada, and the Ivory Coast.
The Respiratory Therapy Branch had 150 trainees, the Physical
Therapy Branch had 36 trainees, and the Occupational Therapy
Branch had nine trainees. Twenty-two scientific publications
appeared in referenced medical journals and approximately 130
scientific presentations were conducted for military and
civilian audiences. Numerous scientific presentations were
made at the Academy of Health Sciences and various military
installations throughout the continential United States, to
include support of the Battlefield Medic:.ne Course for the
United States Air Force and the Combat Casualty Courses for the
United States Army. In addition, weekly rprofessional staff
conferences were conducted for and by Institute personnel.
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PRESENTATIONS

Robertson KE: Overview of nursing at the US Army Institute
of Surgical Research. Presented to the Clinical Specialist
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 4 January 1985.

Dimmick D: Overview of nursing at the US Army Institute of
Surgical Research. Presented to the Clinical Specialist
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 4 January 1985.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infection in severely injured patients. Presented to the
Department of Surgery, University of Alabama, Birminghamn,
Alabama, 17-19 January 1985.

Pruitt BA Jr: Fluid resuscitation. Presented to the
Department of Surgery, University of Alabama, Birminghan,
Alabama, 17-19 January 1985.

Roberts LW: Burns. Presented to the Officers' Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 18 January 1985.

Robertson KE: Emergency management and transport of burn
patients. Presented to the Aviators Course (2CF7), Academy of
Health S8S¢iences, Fort Sam Houston, San Antonio, Texas, 18
January 1985,

Pruitt BA Jr: Epidemiology, triage, and pathophysiology of
thermal injuries. Presented at the OT/PT Conference on
Management of Burns in the Theater of Operations, Fort Sam
Houston, San Antonio, Texas, 21 January 1985,

Cozean RJ: Psychosocial response to thermal injury.
Presented at the OT/PT Conference on Management of Burns in the
Theater of Operations, Fort Sam Houston, San Antonio, Texas,
21-28 January 1985.

Crawford J: Grafts, donors, and dressings. Presented at
the OT/PT Conference on Management of Burns in the Theater of
Operations, Fort Sam Houston, San Antonio, Texas, 21-28 January
1985,

Hollan E: Infection control. Prescented at the OT/PT
Conference on Management of Burns in the Theater of Operations,
Fort Sam Houston, San Antonio, Texas, 21-28 January 1985.

McManus WF: Management of the burn wound. Presented at
the OT/PT Conference on Management of Burns in the Theater of
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Operations, Fort Sam Houston, San Antonio, Texas, 21-28 January
1985.

McManus WF: Pulmonary complications. Presented at the
OT/PT Conference on Management of Burns in the Theater of
Operations, Fort Sam Houston, San Antonio, Texas, 21=-28 January
1985,

McManus WF: Thermal, electrical, and chemical injuries.
Presented at the OT/PT Conference on Management of Burns in the
Theater of Operations, Fert Sam Houston, San Antonio, Texas,
21-28 January 1985,

Robertson KE: Thermal, electrical, and chemical injuries
and field triage and management in the combat zone. Presented
at the OT/PT Conference on Management of Burns in the Theater
of Operations, Fort Sam Houston, San Antonio, Texas, 21-28
January 1985,

Pruitt BA Jr: Metabolic response to trauma. Presented to
the Department of Surgery Literature Conference, University of
Texas Medical School, San Antonio, Texas, 30 January 1985,

Robertson KE: Emergency manhagement, wound care, and
complications of burns. Presented to the Critical Care Nursing
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 30 January 1985,

Wilson SW: Nutritional management of the burn patient.
Presented to the Dietetic¢c Interns, Baptist Memorial Hospital,
San Antonio, Texas, 12 February 1985.

McManus WF: Infections 1in burns. Presented at the
Infections in Burns Seminar, Dallas, Texas, 15 February 1985.

Pruitt BA Jr: Infection control in burn patients.
Presented at the American Pharmaceutical Association Meeting,
San Antonio, Texas, 17 February 198S.

McManus WF: Role of fluids and pharmacologic agents in
burn patient resuscitation. Presented to the Federal Section
of the American Pharmaceutical Association Meeting, San
Antonio, Texas, 19 Fehruary 1985.

Pruitt BA Jr: The diagnosis and treatment of opportunistic
infections in injured patients. Presented to the Department of
Surgery, Hospital of the University of Pennsylvania,
Philadelphia, Pennsylvania, 19-21 February 1985,

Pruitt BA Jr: Opportunistic infections in the severely
injured patient. Presented at the Second International
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Symposium on the Pathophysiology of Combined Injury and Trauma,
Wintergreen, Virginia, 26-28 February 1985,

Pruitt BA Jr: Immunomodulators in Burn Management.
Presented at the IGIV Workshop, New Orleans, Louisiana, 2 March
1985.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections and Gram-negative sepsis in stressed patients.
Presented to the Department of Surgery, Louisiana State
University, Shreveport, Louisiana, 4-5 March 1985,

Pruitt BA Jr: Metabolic response and nutritional support
in patients with major trauma. Presented to the Department of
Surgery, Louisiana State University, Shreveport, Louisiana, 4-5
March 1985,

Kyzar DW: An overview of the Nursing Service Branch at the
US Army Institute of Surgical Research. Presented to the Nurse
Bducator Tour, US Army Recruiting Command, Fort Sam Houston,
San Antonio, Texas, 6 March 1985.

Wilson SW: Nutritional management of the burn patient.
Presented to the dietitians, Brooke Army Medical Center, Fort
Sam BHouston, San Antonio, Texas, 6 March 1985,

Pruitt BA Jr: Infection and burn problems. Presented to
the Combat Casualty Management Course, Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 11 March 1985.

Robertson KE: 1Initial wmanagement of burns. Presented to
the Aviator Course (2CF7), Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 15 March 1985.

Roberts LW: Burns. Presented to the Officers' Basic
Course, Academy of Health Sciences; Fort Sam Houston, San
Antonio, Texas, 21 March 1985.

Pruitt BA Jr: Infection and burn problems. Presented to
the Combat Casualty Management Course, Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 25 March 1985.

Pruitt BA Jr: Burn care and research in the United States
Army. Presented at the Fifth Annual Meeting of the Uniformed
Services University Surgical Associates, Uniformed Services
University of the Health Sciences, Bethesda, Maryland, 5 A&pril
1985,

Robertson KE: Emergency management of burns. Presented to
the Northeast Volunteer Fire Department, San Antonio, Texas, 8
April 1985,
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McCoy KF: Care of the thermally injured patient.
Presented to the Physical Therapy Specialist Class (913J),
Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 11 April 1985.

Robertson KE: Overview of burn care. Presented at the
Nursing Education and Training Department Symposium, Critical
Care Nursing Course, Brooke Army Medical Center, Fort Sam
Houston, San Antonio, Texas, 26 April 1985.

Robertson KE: Overview of burn care. Presented to the US
Army Hospital Reserve Unit, Fort Sam Houston, San Antonio,
Texas, 26 April 1985.

McManus WF: Mass casualty care: triage of burn patients.
Presented at the Medical Symposium, 2291lst US Army Hospital and
112th Medical Brigade, Columbus, Ohio, 27 April 1985.

Robertson KE: Air transfer of burn and combat-injured
patients, Presented at the Medical Symposium, 2291st US Army
Hospital and 112th Medical Brigade, Columbus, Ohio, 27 April
1985.

Robertson KBE: Triage: a wmultidimensional approach,
Presented at the Medical Symposium, 2291st US Army Hospital and
112th Medical Brigade, Columbus, Ohio, 27 April 1985.

Shirani KZ: Effects of enviromment on infection in burn
patients. Presented at the TFifth Annual Meeting of the
Surgical Infection Society, New Orleans, Louisiana, 29 April
1985,

Pruitt BA Jr: Host-opportunistic¢ interactions in surgical
infection, Presented at the Fifth Annual Meeting of the
Surgical 1Infection Society, New Orleans, Louisiana, 30 April
1985.

Luster SH: Occupational therapy in burn rehabilitation.
Presented to the Occupational Therapy Assistant Course, Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 1 May
1985.

Cozean RJ: Patient and family perspectives of the burn
experience. Presented at the US Army Institute of Surgical
Research Nursing Service Branch Burn Symposium, Fort Sam
Houston, San Antonio, Texas, 8-9 May 1985.

Cozean RJ: Psychological focus in burn management.
Presented at the US Army Institute of Surgical Research Nursing
Service Branch Burn Symposium, Fort Sam Houston, San Antonio,
Texas, 8~9 May 198S5.
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Hidenrite D: Burn wound care. Presented at the US Army
Institute of Surgical Research Nursing Service Branch Burn
Symposium, Fort Sam Houston, San Antonio, Texas, 8-9 May 1985.

Hollan E: Infection control in the burn unit. Presented
at the US Army Institute of Surgical Research Nursing Service
Branch Burn Symposium, Fort Sam Houston, San Antonio, Texas,

Kyzar DW: A historical perspective of burn management.
Presented at the US Army Institute of Surgical Research Nursing
Service Branch Burn Symposium, Fort Sam Houston, San Antonio,
Texas, 8-9 May 1985,

McManus WF: Inhalation injury and pulmonary complications.
Presented at the US Army Institute of Surgical Research Nursing
Service Branch Burn Symposium, Fort Sam Houston, San Antonio,
Texas, 8-9 May 1985.

0'Grady S: Hemodynamic monitoring of the burn-injured
patient. Presented at the US Army Institute of Surgical
Research Nursing Service Branch Burn Symposium, Fort Ean
Houston, San Antonio, Texas, 8-9 May 1985.

Pruitt BA Jr: Diagnosis and treatment of burn wound
infection. Presented at the US Army Institute of Surgical
Research Nursing Service Branch Burn Symposium, Fort Sam
Houston, San Antonic, Texas, 8-9 May 1285.

Robertson KE: Thermal, chemical, and electrical injury -
emergency management. Presented at the US Army Institute of
Surgical Research Nursing Service Branch Burn Symposium, Fort
Sam Houston, San Antonio, Texas, 8-9 May 1985,

Worden S: The multidisciplinary approach to burn care.
Presented at the US Army Institute of Surgical Research Nursirg
Service Branch Burn Symposium, Fort Sam Houston, San Antonio,
Texas, 8-9 May 1985.

Zellers L: Aeromedical transfer of burn-injured patients.
Presented at the US Army Institute of BSurgical Research Nursing
Service Branch Burn Symposium, Fort Sam Houston, San Antonio,
Texas, 8-9 May 1985.

McManus WF: Treatment of burns. Presented to the

Scientific Assembly, Texas Medical Association, San Antonio,
Texas, 9 May 1985.

Simons RG: Physical therapy in burn care. Presented at
the US Army Institute of Surgical Research Nursing Service
Branch Symposium, San Antonio, Texas, 9 May 1985.
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.Pruitt BA Jx.:: Update on burns. Presented to the Texas
Society of Plastic Surgeons, San Antonio, Texas, 11 May 1985.

Everson L: Burns, intraoperative care. Presented to the
Ar@y Nurse Corps Operating Room Nurse Course, Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 16 May 1985.

Kyzar DW: Overview of the Nursing Service Branch at the US
Army Institute of Surgical Research. Presented to the Nurse
Educator Tour, US Army Recruiting Command, Fort Sam Houston,
San Antonio, Texas, 20 May 1985.

McManus WF: 1Initial management of the burn patient.
Presented to the Emergency Medicine Residents, Brooke Army
Medical Center, Fort Sam Houston, San Antonio, Texas, 23 May
1985.

Pruitt BA Jr: The metabolic changes and nutritional
support of severely injured patients. Presented at the
Charlotte Memorial Hospital and Medical Center, Charlotte,
North Carolina, 23 May 1985.

Robertson KE: Emergency management and wound car of burns.
Presented at the Wilford Hall Medical Center, Lackland Air
Force Base, San Antonio, Texas, 3 June 1985.

Pruitt BA Jr: Current treatment of severe burns.
Presented to the Association of Surgical Technologists, Inc.,
San Antonio, Texas, 12 June 1985.

Kyzar DW: Overview of the Chief Nurse's role, US Army
Institute of Surgical Research. Presented to the Army Medical
Department Advanced Course, Academy of Health Sciences, Fort
Sam Houston, San Antonio, Texas, 13 June 1985.

Robertson KE: Overview of burn management. Presented to
the Physician's Assistant Course, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 19 June 1985.

Robertson KE: Overview of burn management. Presented to
the Physical Therapy Course, Academy of Health Sciences, Fort
Sam Houston, Texas, 19 June 1985.

Robertson KE: Overview of burn management. Presented to
the Graduate Nursing Students, University of Texas Health
Science Center, San Antonio, Texas, 21 June 1985.

Pruitt BA Jr: Care and closure of the burn wound.
Presented at the Mount Sinai Surgical Grand Rounds, Miami
Beach, Florida, 24 June 1985,




Roberts LW: Burns. Presented to the Officers' Basic
Coursg, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 24 and 26 June 1985.

Pruitt BA Jr: Diagnosis, treatment, and prevention of
overwhelming infection: the role of IGIV. Presented to the
Plastic and Reconstructive Division, Saint Francis Memorial
Hospital, San Francisco, California, 27-28 June 1985.

Pruitt BA Jr: Hemodynamic changes and fluid resuscitation
of severely burned patients. Presented to the Department of
Medicine, Oregon Health Sciences University, Portland, Oregon,
1-2 July 1985.

Pruitt BA Jr: The diagnosis and treatment of opportunistic
infections in injured man. Presented at the 0Olin E. Teague
Veteran's Center, Temple, Texas, 16 July 1985.

Pruitt BA Jr: Surgical management of burns. Presented at
the Scott and White Clinic, Temple, Texas, 16 July 1985.

Roberts LW: Burns. Presented to the Officers' Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 17 and 22 July 1985.

Jordan BS: Management of the burn patient. Presented to
the Critical Care Nursing Course, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 2 August 1985.

Hildenrite D: Management of the burn patient. Presented
to the Critical Care Nursing Course, Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 2 August 1985.

Cozean RJ: Management of the burn patient - psychosocial
considerations. Presented to the Critical Care Nursing Course,
Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 2 August 1985.

Latona PS: An overview of the Nursing Service Branch at
the US Army Institute of Surgical Research. Presented to the
Nurse Educator Tour, US Army Recruiting Command, Fort Sam
Houston, San Antonio, Texas, 14 August 1985.

McCoy KF: Care of the thermally injured patient.
Presented to Physical Therapy Specialist Course (91J), Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 14

Augucst 1985.

Shippe RL: Homeostatic control of zinc in the burned rat.
Presented to the Mary Lipscomb Hamrick Army Medical Specialist
Corps Resecarch Course, Walter Reed Army Medical Center,
Washington, NC, 16 August 1985.
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Wilson SW: Trace mineral supplementation of burn
patients ~ a national survey. Presented to the Mary. Lipscomb
Hamrick Army Medical Epecialist Corps Research Course, Walter
Reed Army Medical Center, Washington, DC, 16 August 1985,

0'Grady S: Blood products and their administration.
Presented to the Critical Care Nursing Course, Academy of
Health Sciences; Fort Sam Houston, San Antonio, Texas, 6
September 1985,

Pruitt BA Jr: Injured-induced alterations of neurohormonal
regulation. Presented to the International Surgical Group,
Basel, Switzerland, 11 September 1985,

Robertse LW: Burns. Presented to the Officers' Basic
Course, Academy c¢f Health Sciences, Fort Sam Houston, San
Antonio, Texas, 18 September 1985.

Prultt BA Jr: The diagnosis and treatment of infections in
burn patients, Presented at the Surgical Infection Symposium,
Ban Francisco General Hospital, San Francisco, California,
19-21 Seoptember 198S5.

Cozean RI: Psychosocial needs of burn patients and their
familien, Presented to the Chaplain Residents, Brooke Army
Modical Center, Fort Sam Houston, San 2Antonio, Texas, 24
Septamber 1905,

Pruitt BA Jr: Management of the pulmonary injury.
Pronsented at the First National Conference on Pediatric Trauma,
tew England Medical Center, Boston, Massachusetts, 26-27
Bgeptembor 1985,

Pruitt BA Jr: Metabolic management and nutritional
support. Pregented at the First National Conference on
Podiatric Trauma, New England Medical <Center, Boston,
Mansachusotts, 26-27 September 1985.

Pruitt DA Jr: Diagnosis and trcatment of infection in
savorely injured patients. Presented at the Physicians Fcrum, -
161V Conforonce, Houston, Texas, 1 October 1985. b~

l.atona PE: An overview of the Nursing Service Branch at
the UB Army Institute of Surgical Research. Presented to the
Practical Nurme Course, Brooke Army Medical Center, Fort Sam T
Houston, 8an Antonlo, Texas, 4 October 1985,

Roberts LWt Burns. Presented to the Officers' Basic

Courmoe, Acodemy of Hesalth Scienceg, Fort Sam Houston, San
antonfo, Taxas, 16 Octobor 1985.
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Pruitt BA Jr: Diagnosis and treatment of opportunistic
- infections in injured man. Presented to the Department of
Surgery, University of Vermont, Burlington, Vermont, 24 October
1985.

Pruitt BA Jr: Future concepts of the care of military burn
patients. Presented at the Armed Forces Radiobiology Research
Institute, Bethesda, Maryland, 25 October 1985.

Cozean RJ: Psychosocial aspects of care and management of
the burn patient. Presented at the Third Annual Military
Health Professionals Symposium, 2290th US Army Hespital,
Rockville, Marvland, 26 October 1985.

Kyzar DW: Comprehensive nursing care for the burn-injured
patient. Presented at the Third Annual Military Health
Professionals Symposium, 2290th US Army Hospital, Rockville,
Maryland, 26 October 1985.

McCoy KF: Role of physical therapy and occupational
therapy in burn rehabilitation. Presented at the Third Annual
Military Health Professionals Symposium, 2290th US Army
Hospital, Rockville, Maryland, 26 October 1985.

McManus WF: Resuscitation and early care of the burn —
patient. Presented at the Third Annual Military Health -
Professionals Symposium, 2290th US Army Hospital, Rockville,

Maryland, 26 October 1985.

Pruitt BA Jr: Care and closure of the burn wound.
Presented at the Third Annual Military Health Professionals
Symposium, 2290th US Army Hospital, Rockville, Maryland, 26
October 1985.

Pruitt BA Jr: Epidemiology, first aid triage, and
aeromedical transfer of the burn casualty. Presented at the
Third Annual Military Health Professionals Symposium, 2290th US
Army Hospital, Rockville, Maryland, 26 October 1985.

Gutierrez RT: Care of the thermally injured patient.
Presented to the Physical Therapy Specialist Course (91J),
Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 30 October 1985.

Zellers LA: Transport of the burn victim. Presented to
the Aviator Course (2CF7), Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 30 October 1985.

Gutierrez RT: Physical therapy in burns. Presented to the
Physical Therapy School students from Southwest Texas State
University, US Army Institute of Surgical Research, Fort Sam
Houston, San Antonio, Texas, 4 November 1985.
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McCoy KF: Physical therapy in burns. Presented to the
Physical Therapy School students €rom Southwest Texas State
University, US Army Institute of Surgical Research, Fort Sam
Houston, San Antonio, Texas, 4 November 1985,

Pruitt BA Jr: Current treatment of the burn wound.
Presented at the Waterbury Hospital, Waterbury, Connecticut, 7
November 1985.

Latona PS: 1Initial management of the burn victim.
Presented to the Reserve Nurses, 94th General Army Reserve
Unit, Fort Hood, Texas, 9 November 198S5.

Jordan BS: Wound management of the burn vietim. Presented
to the Reserve Nurses, 94th General Army Reserve Unit, Fort
Hood, Texas, 9 November 1985.

Pruitt BA Jr: Planning and design of burn centers.
Presented at the Third Annual HHarvey A. Beffa Shriners Burn
Institute Conference, Galveston, Texas, 10-12 November 1985.

Kyzar DW: An overview of the Nursing Service Branch at the
US Army Institute of Surgical Research. Presented to the Nurse
Educator Tour, US Army Recruiting Command, Fort Sam Houston,
San Antonio, Texas, 13 November 1985,

Luster SH: Rehabilitation of the burn-injured veteran.
Presented at the Annual Meeting of the Association of Military
Surgeons of the United States, Anaheim, California, 13 November
1985.

Wilson SW: Burn information system - nutrition module.
Presented to the Symposium on Computer Applications in Medical
Care, Baltimore, Maryland, 13 November 1985.

McManus WF: Electrical burns. Presented at the
Partnerships Beyond Survival Seminar, Baptist Medical Center,
Oklahoma Medical Center, Oklahoma City, Oklahoma, 14-15
November 1985.

McManus WF: Emergency care, triage, evacuation, and fluid
resuscitation. Presented at the Partnerships Beyond Survival
Seminar, Baptist Medical Center, Oklahoma Medical Center,
Oklahoma City, Oklahoma, 14-15 November 1985.

McManus WF: Infection <control in the burn center.
Presented at the Partnerships Beyond Survival Seminar, Baptist
Medical Center, Oklahoma Medical Center, Oklahoma City,
Oklahoma, 14-15 November 1985.

27

o

)




. gt g e o Ll et BTATI - e
0 ) e ¥ A b ST
SIS LN SISO NV EREC SR

RS ool - - -

Pruitt BA Jr: Care and coverage of the burn wound.
Presented at the Burn Center Symposium, Baptist Medical Center, i
Oklahoma City, Oklahoma, 14-15 November 1985. :

Pruitt BA Jr: Inhalation injury and pulmonary
complications. Presented at the Burn Center Symposium, Baptist
Medical Center, Oklahoma City, Oklahoma, 14-15 November 1985.

Cozean RJ: Psychosocial aspects of the burn victim.
Presented to the Alabama State Nurses Association, Southeast
Recruiting Command, 20 November 1985.

Jordan BS: Wound management of the burn victim. Presented "ﬂ_
to the Alabama State Nurses Association, Southeast Recruiting -
Command, 20 November 1985.

Latona PS: 1Initial management of the burn victim.
Presented to the Alabama State Nurses Association, Southeast 3
Recruiting Command, 20 November 1985. - a

Culbertson GR: Burns. Presented to the Special Operations
Medical Sergeants Course, Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 2 December 1985.

Latona PS: 1Initial management of the burn victim.
Presented to the TLuling Texas Paramedic Association, Luling,
Texas, 5 December 1985.

Zellers ©LA: Initial rmanagement of the burn victim. -3
Presented to the Luling Texas Paramedic Association, Luling, a
Texas, 5 December 1985. "

Pruitt BA Jr: Immunologic responses to burn injury.
Presented at the Fifth Annual Comprehensive Care of the Burn
Patient Conference, Kansas City, Kansas, 6-7 December 1985.

Pruitt BA Jr: Pathophysiology of inhalation injury.
Presented at the Fifth Annual Comprehensive Care of the Burn :
Patient Conference, Kansas City, Kansas, 6-7 December 1985. o -

Wilson SW: Nutritional management of the burn patient.
Presented to Dietetic Students, Incarnate Word College, San
Antonio, Texas, 10 December 1985.

Kyzar DW: An overview of the Nursing Service Branch at the
US Army Institute of Surgical Reseaich. Presented to the Army
Medical Department Advanced Course, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 11 December 1985.

Latona PS: Burn patient management. Presented to the -
Aviator Course (2CF7), Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 11 December 1985.
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Latona PS: Critical care. Presented to the Short Course,
Brooke Army Medical Center, Fort Sam Houston, San Antonio,
Texas, 13 December 1985.

PUBLICATIONS

Any BW, McManus WF, Goodwin CW Jr, and Pruitt BA Jr:
Lightning injury with survival in five patients. JAMA
253(2):243-245, January 1985.

Goodwin CW Jr and McManus WF: Viral infections in burned
patients. Clin Immunol Today 12:3-9, January 1985.

Pruitt BA Jr, Goodwin CW Jr, Vaughan GM, Aulick LH, Newman
JJ, Strome DR, and Mason AD Jr: The metabolic problems of the
burn patient. Acta Chir Scand (Suppl) 522:119-139, January
1985.

Robertson KE, Cross PJ, and Terry JC: Burn care: the
crucial first days. Am J Nursing 85(1):29-47, January 1985.

McManus AT, McManus WF, Mason AD Jr, Aitcheson AR, and
Pruitt BA Jr: Microbial colonization in a new intensive care
burn unit. A prospective cohort study. Arch  Surg
120(2):217-223, February 1985,

Lund T, Goodwin CW, McManus WF, Shirani KZ, Stallings RJ,
Mason AD Jr, and Pruitt BA Jr: Upper airway sequelae in burn
patients requiring endotracheal intubation or tracheostomy.
Ann_ Surg 201(3):374-382, March 1985.

Vaughan GM, Mason AD Jr, McManus WF, and Pruitt BA Jr:
Alterations of mental status and thyroid hormones after thermal
injury. J Clin Endocrinol Metab 60(6):1221-~1225, June 1985,

Amy BW, McManus WF, and Pruitt BA Jr: Tetanus following a
major thermal injury. J Trauma 25(7):654-655, July 1985,

Cook RD, McManus WF, and Pruitt BA Jr: Management of
fractures in burn patients (abstract). J Trauma 25(7):681,
July 1985.

Vaughan GM, Becker RA, Unger RH, 2iegler MG, Siler-Khodr
TM, Pruitt BA Jr, and Mason AD Jr: Nonthyroidal control of
metabolism after burn injury: possible role of glucagon.
Metabolism 34(7):637-641, July 1985,

McManus WF: The burn patient: defining the clinical
situation. The significance of Pseudomonas in the burn
patient. Bull Clin Rev Burn Inj 11:22-31,

July/August/September 1985.




. b 1 Nem o S AIIY ot Mg TRV EEWE TR-Xpees aw SESET Mg by TS s Cem Tt ae S
Eg.u.;‘..ﬁi!' f.‘ik—f—‘ff.i;;ff,;'i;,f,'i.'(i' SRTLTTLE Tl e P - - S .

Yurt RW and Pruitt BA Jr: Decreased wound neutrophils and
indiscrete margination in the pathogenesis of wound infection.
Surgery 98(2):191-198, August 1985.

Amy BW, McManus WF, Goodwin CW, Mason AD Jr, and Pruitt BA
Jr: Thermal injury in the pregnant patient. Surg Gynecol
Obstet 161:209-212, September 1985, |

Vaughan GM, Shirani KZ, Vaughan MK, Pruitt BA Jr, and Mason
AD Jr: .Hormonal changes in burned hamsters. Endocrinol
117(3):1090-1095, September 1985.

Kim SH, Hubbard GB, Worley BL, McManus WF, Mason AD Jr, and
Pruitt BA Jr: A rapid section technique for burn wound biopsy.
JBCR 6(5):433-435, September/October 1985.

Shirani KZ, Vaughan GM, Pruitt BA Jr, and Mason AD Jr:
Reduced serum T, and T, and their altered serum binding after
burn injury in rats. J Trauma 25(10):953-958, October 1985.

Kim SH, Bubbard GB, McManus WF, Mason AD Jr, and Pruitt BA
Jr: Frozen section technique to evaluate early burn wound
biopsy: a comparison with the rapid section technique. J
Trauma 25(12):1134-1137, Decemher 1985,

Pruitt BA Jr: The diagnosis and treatment of infection in
the burn patient. Burns Incl Therm Inj 11(2):79-91, December
1985,

Burleson DG: Clinical applications of flow cytometry
(abstract). Proc Soc Armed Forces Mil Lab Sci 14:17, 1985.

Burleson DG, Vaughan GK, and Mason AD Jr: Differences in
the measurement of human neutrophil respiratory burst oxidative
activity using molecular probes. Fed Proc (Abstract 989)
44:580, 1985,

Pruitt BA Jr, Mason AD Jr, McManus WF, Bush KW, and Hoffman
BE: Burn injury: panel presentation. Trans Asso¢ Life Insur
Med Dir Am 67:158-186, 198S5.

Vaughan GM, Mason AD Jr, and Reiter RJ: Serum melatonin
after a single aqueous subcutaneous injection in Syrian
hamsters. Neuroendocrinol 42:124-127, 1985.

Vaughan GM and Pruitt BA Jr: Pineal-induced depression of
free thyroxine in Syrian hamsters. J Pineal Res 2(4):325-330,
1985,

Vaughan GM, Shirani K2, 2iegler MG, Pruitt BA Jr, and Mason
AD Jr: The burned hamster as a model of nonthryoidal illness.

30

N




Proceedings of the 67th Annual Meeting of the Endocrine Society
(Abstract 1281):321, 1985.

Vaughan GM, Taylor TJ, Lasko J, Bullard JJD, Ceggins SH,
Brown AC, and Mason AD Jr: The human melatonin rhythm and lack
of influence by sympathetic activation. Adv Biosci 53:37-40,
1985. x '

Vaughan GM, Taylor TJ, Pruitt BA Jr, and Mason AD Jr:
Pineal function in burns: melatonin is not a marker for
general sympathetic activity. J Pineal Res 2(1):1-12, 1985,

Vaughan GM, Vaughan MK, and Mason AD Jr: Correlation of
thyroid hormones and testes weight across pineal-related
perturbations. Adv Biosci 53:257-264, 1985.




ANNUAL RESBARCH PROGRESS REPORT

PROJECT NUMBER: 38162772A874~00, APPLIED RESEARCH

PROJECT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
; BURNED SOLDIERS:s An Analysis of the Adaptation
- of Renal Function Following Burn Injury

US ARMY INSTITUTE OF SURGICAL RESEARCH
FORT SAM HOUSTON
SAN ANTONIO, TEXAS 78234-6200

1 October 1985 ~ 30 September 1986

INVESTIGATORS

E James C. McKay. MD, Major' MC
' Calvin R. Kennedy
Arthur D. Mason, Jr., MD
George M. Vaughan, MD, Lieutenant Colonel, MC
L Basil A. Pruitt, Jr., MD, Colonel, NC




ABSTRACT

PROJECT NUMBER: 3516277A874-00, APPLIED RESEARCH

PROJECT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
- BURNED SOLDIERS: An Analysis of the Adaptation
of Renal Function Following Burn Injury

INSTITUTION: US Army Institute of Surgical Research, Fort Sam
Houston, San Antonio, Texas 78234-6200

PERIOD COVERED IN THIS REPORT: ‘1 Oct 85 through 30 Sep 86

INVESTIGATORS: James C. McKay, MD, Major, MC
Calvin R. Kennedy
Arthur D. Mason, Jr., MD
George M. Vaughan, MD, Liecutenant Colonel, MC
Basil A. Pruitt, Jr., MD, Colonel, MC

Thermal injuries place great demands on the homeostatic
mechanisms responsible for maintenance of fluid, electrolyte,
and acid-base status and excretion of both metabolic waste
products and drug metabolites. Kidney function is c¢ritical to
all these processes. This study was designed to describe the
response of the kidney to thermal injury and burn treatment
procedures and define mechanisms of renal adaptations to
trauma. Two patients have been enrolled in this study to date.
The major emphasis has been an adequate assessment of
glomerular filtration rate in these patients. A comparison of k
endogenous creatinine clearance to inulin clearance and that 3
obtained by a single subcutaneous injection of I-iothalamate .
will be studied.
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AN ANALYSIS OF THE ADAPTATION OF RENAL FUNCTION
FOLLOWING BURN INJURY

INTRODUCTION

Burn injury and its therapy place great demands on the
homeostatic mechanisms responsible for maintenance of fluid,
electrolyte, and acid-base status and excretion of both
metabolic and drug waste products. The function of the kidneys
is «critical to all these processes. Therefore, it is
surprising that renal function in the postburn period has
received scant attention (1-13).
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The studies which have been conducted had various
limitations, i.e., studied only once at random times postburn
(1), studied only during the first week postburn (2), small
number of patients (3), prior reral function not defined (4-8),
no conmment on the development of nonrenal complications which
can affect renal function (4-8), study limited to patients who
developed renal failure (9-11), and summary article without
original data (12-13). There have heen no studies of proximal
tubular renal function.

This study was proposed to define the normal physiologic
adaptation of renal function to burn injury. The objectives of
the study are to measure glomerular and tubular functions in
patients suffering at least 30-percent total body surface area
burns who had normal renal, hepatic, and cardiovascular
function prior to burn injury. The patients will be followed
sequentially from admission until death or discharge. Specific
goals of the study include:

1. Determining glomerular filtration rate (GFR) and
determining whether endogenous creatinine clearance 1is an
accurate measure of GFR. In the literature, it is stated that
GFR postburn is decreased, normal, or increased. Some of the
differences probably relate to the time postburn when the
measurements were made and some of the measurements may have
been made in patients with complications (sepsis, hypotension,
myocardial infarction, aminoglycoside antibiotic therapy, etc.)
which depress renal function. From a literature review, it
appears that fewer than 15 to 20 patients (1-3,5) have had
creatinine clearance validated by simultaneous inulin clearance
measurements and all but two (5) of these measurements were
performed in patients with normal renal function. Only five to
10 patients (1) have had creatinine clearance verified by the
glofil technique and all these patients had normal renal
function. The importance of verifying the endogenous
creatinine clearance by another technique is that the
creatinine assay 1is nonspecific and interference can be
produced by hyperalbuminemia, lipemia, hemolysis, bilirubinemia
more than 50 milligrams per deciliter, elevated acetoacetate,
ascorbic acid, or cephalosporin antibiotics (14). An accurate
GFR is of critical importance clinically since dosages of many
drugs, including aminoglycosides, are based upon the GFR.

125evitt S: Renal function after burning. J Clin Path
18:572-578, 1965.

'*%Gellman DD: The renal complications of burns. Canad Med
Ass J 97:440-444, 1967.

THIL TEST Creatinine, Category Number 35164,
Instrumentation Laboratories, Inc., 1980.
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2. Defining the pattern of proteinuria and,
specifically, the fractional excretion of beta-2-microglobulin.
In the literature, there are few reports of proteinuria
postburn (15-17). One states that all patients suffering a
"large™ burn will have transient proteinuria exceeding 0.55
grams per 24 hours from postburn days five through seven (15).
Beta-2-microglobulin is freely filtered at the glomerulus and
normally 98 percent is reabsorbed in the proximal tubu